To investigate the effect of intrauterine selective serotonin reuptake inhibitor (SSRI) exposure on pregnancy outcomes.
D EPRESSION HAS BEEN ESTImated to occur in more than 10% of pregnant women, which is comparable in frequency and severity with postpartum depression. 1, 2 Depression, antidepressants, and lifestyle factors associated with depression may influence pregnancy outcomes and newborn health. 3 The safety profile of antidepressant medication in pregnancy is undetermined, but depression during pregnancy can be serious and has been associated with an increased maternal mortality. 4 Selective serotonin reuptake inhibitors (SSRIs) have been used during pregnancy since the early 1990s and are now recommended as first-choice antidepressants during pregnancy in Denmark 5 and many other countries.
Several studies have investigated the association between SSRI exposure during pregnancy and pregnancy outcomes. The studies vary with respect to exposure as-sessment, confounder control, and outcome measures. The results on the potential effect on birth weight and gestational age have been inconclusive, [6] [7] [8] [9] [10] [11] [12] [13] but no studies have found a significant effect on head circumference. [13] [14] [15] Previous studies have shown increased risks of low Apgar scores. 9, 12, 13, 16 Most studies are from North America, where use of the health care system and of antidepressants may differ from that in European countries. The European studies have been based mainly on large registries. [8] [9] [10] Comparisons between studies in different populations may facilitate overall interpretations of the potential association, and studies of different populations with adjustment for potential confounding factors may be helpful in teasing out a potential effect on the fetus and newborn. Additionally, a recent study 12 suggesting a potential genemedication interaction may underline the need for studies from different populations and adjustment for, eg, psychiatric history. The aim of this study was to investigate the association between SSRI intake, a history of psychiatric disease, and pregnancy outcomes in a large European cohort.
METHODS

THE AARHUS BIRTH COHORT
Since 1989, all pregnant women receiving prenatal care with the intention of giving birth at the Department of Obstetrics, Aarhus University Hospital, have been invited to participate in the Aarhus Birth Cohort. The cohort is described in detail elsewhere. 17 During the early second trimester, women are asked to complete a self-administered questionnaire, which is sent out when their general practitioner notifies the department of their pregnancy. In this way, information is collected on maternal illnesses (eg, depression, diabetes, kidney diseases, and epilepsy), medical treatment during pregnancy, lifestyle factors (eg, smoking and alcohol intake), obstetric history, prepregnancy weight, height, and age. More than 90% of all women completed the questionnaire. At birth, the attending midwife completes a structured coding sheet with information about the course of delivery, pregnancy complications, and newborn characteristics (weight, length, gestational age, head circumference, Apgar score, and immediate admission to the neonatal intensive care unit [NICU]). The coding sheet is completed immediately after delivery and is validated by a research midwife by use of a coding manual and the woman's medical record in our research unit. Data on pregnancy outcomes are also sent to the National Medical Birth Registry, which is mandatory. The information in the birth registry has been validated and found to have a very good validity with respect to birth weight and gestational age. Women who returned the questionnaire and gave birth in our maternity unit were eligible for the study. Women who reported having a chronic disease other than psychiatric disorders were excluded from the study. Further restriction was made to singleton pregnancies with live births of infants without any malformations.
The use of SSRIs during pregnancy was reported in the questionnaire as well as in the coding sheet filled in by the midwife at delivery. Owing to the self-reported information on disease and medication, we unfortunately had limited information on duration and severity of the illness as well as timing and dosing of the SSRI. Pregnancies were categorized into 3 exposure groups: women treated with SSRIs during pregnancy, women who had experienced depression or received treatment for psychiatric illness but who were not taking SSRIs during the actual pregnancy, and women who reported never having had a psychiatric illness.
Gestational age was primarily estimated by ultrasonography before 21 completed gestational weeks (83%). Otherwise, gestational age was estimated from the date of the last menstrual period (17%).
Potential confounders that were considered were parity, maternal age, prepregnancy body mass index, smoking, coffee and alcohol intake, marital status, a previous pregnancy with a preterm and/or low-birth-weight infant, and education. The study was approved by the Danish Data Protection Agency.
STATISTICAL ANALYSIS
Potential confounders were categorized as shown in Table 1 . Adjustment for confounding factors was performed by multivariate linear and logistic regression analyses. All potential con-founding variables were coded as a number of dummy variables equal to the number of categories minus 1. Confounders considered a priori were prepregnancy body mass index, smoking, age, and parity. Other potential confounders, listed in Table 1 , remained in the final model if they changed the estimated odds ratio (OR) or risk difference by more than 10%. Interactions were investigated by stratified analyses and multivariate analyses with interaction terms. Primary outcome was gestational age. Analyses of birth weight, head circumference, Apgar score at 5 minutes, and immediate admission to the NICU were carried out for newborns with a gestational age of 27 to 41 completed weeks and adjusted for gestational age in whole weeks. Birth weight, gestational age, and head circumference were analyzed as continuous measures. Dichotomous outcome measures were preterm delivery (Ͻ37 completed weeks), low birth weight (Ͻ2500 g) at full term (37-41 completed weeks), low Apgar score at 5 minutes (Յ7), and immediate admission of the neonate to the NICU. Our primary exposure category was women treated with SSRIs, and our primary comparison group was women without a history of psychiatric illness. To try to disentangle whether a possible effect on birth outcome was caused by the treatment or by the mere presence of a psychiatric history, we also compared the outcomes of women with SSRI treatment with those of women with a psychiatric history. Statistical significance was defined as 2-sided PϽ.05. Adjusted ORs and risk differences are presented with 95% confidence intervals (CIs). Stata, version 8.0, software was used for all statistical analyses.
RESULTS
During the study period, 64 072 women returned the questionnaire and gave birth in our department. Women carrying more than 1 child (n = 2755); women with chronic diseases, such as diabetes and kidney or cardiovascular disease (n = 3571); women with stillbirths (n=235); and women who gave birth to an infant with malformations (n=510) were excluded. A total of 57 001 pregnancies and deliveries from August 1989 through November 2006 were included in our analyses. We identified 329 pregnancies that were exposed to SSRI treatment, 4902 pregnant women with a psychiatric history but no SSRI use during pregnancy, and 51 770 pregnant women with no use of SSRIs during pregnancy and no psychiatric history.
Three hundred four of the women with SSRI intake used only 1 type of SSRI ( The first report of SSRI use during pregnancy in the cohort was found in 1993 (citalopram), and in 1995 sertraline, fluoxetine, and paroxetine were also used. The first pregnancy with escitalopram exposure was recorded in 2004. In this cohort, the use of SSRIs during pregnancy increased during the 1990s and was stable from 2002.
ARCH PEDIATR ADOLESC MED/ VOL 163 (NO. 10), OCT 2009 Most women with a history of a psychiatric disorder but without SSRI use during pregnancy had no specific psychiatric diagnosis recorded (n = 4622). However, all had been treated by a general practitioner, a psychiatrist, or a psychologist. In women with a psychiatric history, 1020 reported use of medication more than once weekly during part of the pregnancy. These medications were mostly antibiotics, painkillers, antiemetics, and those related to allergies. Very few reported use of psychotropic medication (n = 26), antipsychotic drugs (n = 20), anxiolytics (n = 13), or antidepressants other than SSRIs (n = 34). Women treated with SSRIs and women who reported that they had had a psychiatric disorder but who were currently untreated were older, of lower parity, and more often smokers than women who reported no psychiatric illness at any time. However, women without a psychiatric history consumed more alcohol. Pregnancy outcome by exposure is shown in Table 2 and Table 3 .
GESTATIONAL AGE
Mean gestational age was 4.5 days (95% CI, −6.2 to −2.8) shorter in women treated with SSRIs during pregnancy than in women with no psychiatric history. Compared with women with a psychiatric history, gestational age was 3.8 days shorter in women with SSRI exposure during pregnancy (95% CI, −5.6 to −2.0). In women treated with SSRIs, the risk of preterm delivery was twice that of women with no history of psychiatric illness (adjusted OR, 2.02; 95% CI, 1.29-3.16; vs women with a history of psychiatric illness: OR, 2.05 [95% CI, 1. 28-3.31]).
BIRTH WEIGHT
No association between SSRI exposure and birth weight was found after adjustment for gestational age and potential confounders. Infants with in utero exposure to SSRIs had a birth weight similar to those of women with and without psychiatric histories ( Table 3 ). The risk of low birth weight at term was not statistically higher in newborns exposed in utero to SSRIs compared with those without a maternal psychiatric history or those with mothers with a psychiatric history but no SSRI exposure (adjusted OR, 0.63; 95% CI, 0.15-2.67; and adjusted OR, 0.82; 95% CI, 0.19-3.62, re-spectively) ( Table 2) . Eighty-two percent of the low-birthweight infants in the SSRI group were also preterm and were thus not included in the main logistic regression analysis. Sixty-six percent and 68% of low-birth-weight infants in the groups with and without a psychiatric history, respectively, were also preterm.
HEAD CIRCUMFERENCE
Head circumference adjusted for confounders, including gestational age, was not statistically different in newborns of women treated with SSRIs during pregnancy compared with newborns from women with no psychiatric history (0.0 cm; 95% CI, −0.2 to 0.2) or compared with newborns of women with a psychiatric history (−0.1 cm; 95% CI, −0.3 to 0.1).
FIVE-MINUTE APGAR SCORE
The risk of giving birth to an infant with a 5-minute Apgar score of 7 or below was significantly increased in women who were treated with SSRIs during pregnancy compared with infants of women with no psychiatric history (adjusted OR, 4.44; 95% CI, 2.58-7.63) or compared with infants of women with a history of psychiatric illness (adjusted OR, 6.58; 95% CI, 3.39-12.74). Abbreviations: CI, confidence interval; SSRI, selective serotonin reuptake inhibitor. a Adjusted for maternal age, body mass index, smoking, a previous pregnancy with prematurity, and parity. b Newborns with a gestational age of 27 to 41 completed weeks. Adjusted for maternal age, body mass index, smoking, gestational age, previous birth of a low-birth-weight infant, parity, and coffee and alcohol intake. c Newborns with a gestational age of 27 to 41 completed weeks. Adjusted for maternal age, body mass index, smoking, gestational age, parity, marital status, and coffee and alcohol intake.
ADMISSION TO THE NICU
The rate of admissions to the NICU was higher in newborns with in utero exposure to SSRIs during pregnancy than in those with no psychiatric history (adjusted OR, 2.39; 95% CI, 1.69-3.39). This was also true after adjusting for Apgar score. Comparing NICU admission in newborns exposed to SSRIs with newborns of mothers with a psychiatric history, the OR was 2.04 (95% CI, 1.42-2.94).
COMMENT
We found a slight reduction in gestational age and an increased risk of preterm birth, but no effect on birth weight or head circumference after in utero exposure to SSRI. We also found an increased risk of low Apgar scores and admission to the NICU that could not be explained by low Apgar scores or gestational age in our analyses.
Gestational age and birth weight are strongly correlated, but stratified or adjusted analyses have not been reported in all previous studies. We restricted our study of birth weight to full-term newborns to avoid the confusion of intrauterine growth with gestational age. Furthermore, our analyses of head circumference and Apgar scores were also adjusted for gestational age. Analyses were adjusted for a number of potential confounding factors, which only changed the unadjusted results slightly. However, women exposed to SSRIs may have underreported factors closely associated with pregnancy outcome, such as smoking, more often than other women; the associations found for SSRI exposure would thus actually be due to that factor, in this case smoking. As the reported tobacco consumption was actually higher among women treated with SSRIs, this seems somewhat unlikely, but it is impossible to completely rule out confounding in a nonrandomized design.
The women were unaware of their pregnancy outcomes at the time of reporting medication during pregnancy, which minimizes the risk of recall bias. Few women failed to complete the questionnaire. If nonparticipants were more likely treated with SSRIs and had more favorable pregnancy outcomes than participating women exposed to SSRIs, we would have overestimated the association between SSRI exposure and adverse pregnancy outcomes. We find this explanation unlikely but are unable to elucidate it further. Newborns exposed to SSRIs in utero had twice the risk of being referred to the NICU than unexposed newborns. Only clinical symptoms and not SSRI exposure justify referral to the NICU in our department, and usually information about such medical treatment of the mother during pregnancy only reaches the neonatologist on duty after the admission of the newborn. Thus, bias from hospitalizing babies owing to the mere knowledge of exposure to SSRIs cannot explain our finding.
The study compared the outcomes of pregnancy in women treated with SSRIs with those in women with a psychiatric history to study whether differences in birth outcomes could be due to confounding by indication. This has been done in only a few previous studies. 13, 16, 18, 19 This way we explored the association between treatment and adverse pregnancy outcomes, taking into account unknown factors associated with actual or previous psychiatric disorders not accounted for in the multivariate analyses. The results indicate that certain aspects of depression such as genetic or social aspects were less likely to explain our overall findings. However, we had no information about symptoms of depression during pregnancy, which could have added to our understanding of the association.
Selective serotonin reuptake inhibitors have been shown to readily cross the placenta and to be present in umbilical cord blood of exposed neonates. 20, 21 Several case reports and case series have described a neonatal withdrawal symptom after in utero exposure to SSRIs. [22] [23] [24] [25] [26] The exposed neonates in this study were admitted to the NICU with various International Statistical Classification of Diseases, 10th Revision, diagnoses (eg, jitteriness, seizures, respiratory problems, infections, jaundice, hypoglycemia, and asphyxia), several of which could be due to either adverse effects or withdrawal symptoms from the SSRI.
An animal study by Vorhees et al 27 suggests that fluoxetine exposure leads to smaller litter sizes in pregnant rats and increased neonatal mortality. The underlying mechanism is not clear; however, Morrison et al 28 showed that fluoxetine exposure leads to a transient decrease in uterine artery blood flow in sheep. Both animal studies could indicate that treatment with SSRIs may result in intrauterine growth retardation in humans. Furthermore, head circumference (fronto-occipital circumference) is a well-established measure of total brain volume in neonates, 29 and because SSRIs work on the central nervous system, an influence on the growth of the fetal brain seems plausible. However, we found no statistically significant effect on birth weight or head circumference in full-term neonates with in utero exposure to SSRIs. The discrepancy with the animal studies could be due to differences in dosage, as the above-mentioned studies used quite high doses of fluoxetine. The effects in both the sheep in the study by Morrison et al and the rats in Vorhees and colleagues' study were seen at much higher doses than would occur in humans. Adverse effects in pregnant women may, however, still occur at lower doses.
Pregnancy exposure to SSRIs may be associated with a reduction in gestational age and an increased risk of low Apgar score and NICU admission, even when compared with pregnancies of women with previous psychiatric disease. The results corroborate earlier studies with less control for the potential effects of the underlying disease. However, treatment of depression during pregnancy may be warranted and future studies need to distinguish between individual SSRIs to find the safest medication.
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